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Lysimeter studies have shown the adverse effect of Fallow soil in
releasing NO3-N to soil drainage water.  A soil at Johnstown
Castle under Fallow management gave mean NO3-N drainage
water concentrations >MAC (maximum admissible concentration,








years of cultivation.  In
the 14
t h
year this changed as the Fallow treatment showed a
mean value <MAC, indicating reduced N mineralisation.
However, 7 of that year's 13 water samples were > MAC.
On the same soil, barley receiving 120 kg N/ha fertiliser N,
showed  variable results - soil drainage water concentrations
were <MAC in one year but >MAC in another year;  the mean
values were < the Guide Level (MAC÷2) in both years.  When the
fertiliser input was raised to 180 kg N/ha, MAC was breached in
both sampling years and the mean value was > the Guide Level.
Winter wheat receiving 150 kg N/ha as fertiliser had all soil
drainage water concentrations  <MAC in one year but two
samples breached MAC in another year.  The mean values were
< the Guide Level in both years.   On application of 200 kg N/ha,
MAC was breached in both years and mean annual NO 3- N
concentrations were < the Guide Level or > the Guide Level,
depending on drainage water volume. 
These results apply to a soil in cultivation since 1985 having
reduced organic N reserves.  Higher NO3-N concentrations in soil
drainage water would be expected with similar soils recently
changed from grass to arable farming.
On grassed lysimeters (Johnstown Castle soil),  that had been
growing barley for 10 years,  a combination of 300 kg/ha
fertiliser N with 126 kg/ha cattle slurry N,  applied in December
or February and the same amount of fertiliser N plus 120 kg/ha
pig slurry N,  applied in December or February gave soil drainage
water samples that only breached MAC once in 12 samplings per
treatment.  The mean NO3-N concentrations were < the Guide
Level.  A slightly lower mean N (118 kg/ha) input via the slurries
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SUMMARY
plus the same amount of ferti l iser N gave lower NO 3- N
concentrations for all treatments except the pig slurry (+
fertiliser) applied in November.  This treatment breached MAC
twice and resulted in a  mean NO3-N concentration > the Guide
Level.
Cultivating the soil,  in order to re-sow grass,  produced a large
release of organic N via mineralisation and this combined with a
small fertiliser N input (50 kg/ha) gave very high concentrations
of NO3-N in the drainage water.  A delay in sowing from June to
the end of September exacerbated this problem.
The final phase of experimentation showed very low levels of NO3-
N in the drainage water which was primarily induced by
decreasing fertiliser N input to 200 kg/ha and slurry N input to
50 kg/ha.
Five soils,  representative of major Irish soils,  were subjected to
lysimeter trials in a similar manner under grass.  In the first
experiment the soils received 300 kg/ha fertiliser N plus
approximately 120 kg N/ha as pig or cattle slurry.
In Years 1, 2, when mean values were pooled over treatments,
MAC was breached 2, 3 times by Clonroche;  5, 3 times by Elton,
1, 2 times by Oakpark; 5 times and once by Rathangan soil
drainage water. Applying cattle or pig slurry in December with
fertiliser N, applied during the growing season,  gave the highest
number of water samples in breach of MAC.
Reducing the fertiliser N to 200 kg/ha and the slurry N to 51
kg/ha drastically lowered the NO3-N concentrations in the
drainage water to sustainable levels.  Cultivation followed by
Fallow for 3 months prior to sowing grass gave very high NO3-N
concentrations in all soil drainage waters.
Due to recycling of N via animal excreta, greater leaching of NO3-
N is likely to occur on grazed grass receiving identical N inputs.
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With fertiliser N sales totalling 432,000 tonnes in 1998-'99, N in
slurries amounting to 120,000 tonnes annually and an unknown
quantity of N in dirty  yard water to be disposed of,  there is need
for quantification of the effect of land-application of these N
sources on soil water quality. 
The risk to water quality arises from the fact that,  nitrate (NO3),
when surplus to plant requirements,  will easily leach from the
soil.  Nitrate can come directly from applied fertiliser or be
derived from non-nitrate fertiliser,  organic manure or organic N
in the soil.
There are two (1975, 1980) EU Directives pertaining to drinking
water quality.  They require that the NO3-N concentration in
drinking water,  used for consumption by humans,  does not
exceed 11.3 mg/l; the recommended Guide Level is half that
amount.
A further EU Directive (1991),  concerned with protection of
waters from pollution caused by NO3 from agricultural sources,
led to the issuing in 1996 of a national "Code of Good
Agricultural Practice to Protect Waters from Pollution by
Nitrates".  The Code is voluntary but it does include guidelines
on restricting stocking rates and fertiliser N-use,  should these
be necessary,  in Vulnerable Zones.
At the initiation of these studies little was known about the
propensity of Irish soils to leach N and it was considered
important to acquire information on the effect of fertiliser N and
slurry on this aspect of the N cycle.  The information gained
would be helpful in making recommendations to farmers with
regard to amount and timing of N amendments to soils.
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INTRODUCTION
Two lysimeter units were established at Johnstown Castle with
each capable of  three replications per treatment.  Unit 1
contained the local soil - a moderately well drained,  brown earth
derived from mixed drift of predominantly shale and quartzite
composition with slight admixture of loess-like and solifluction
materials.  Soil was backfilled into each lysimeter in 5 cm
intervals from the bottom to the surface.  Dimensions were 
60 cm diameter by 90 cm deep
Unit 2 consisted of a set of 5 soils,  collected from typically
important series throughout the country.  These soils were a
shallow,  very well drained,  brown earth from Oakpark, a well
drained,  brown earth from Clonroche,  a well drained, grey
brown podzolic from Elton, a poorly drained, gley from
Rathangan and a poorly drained,  gley from Castlecomer.  The
soils were collected as monoliths " in situ ", transported to
Johnstown Castle and randomly arranged within the unit (Ryan
and Fanning, 1996).  Dimensions were 60 cm diameter by 
100 cm deep.
Experiments with Grass:
Of 24 lysimeters that had been growing barley since 1985,
twelve were sown down to the mid-season  perennial ryegrass,
cultivar Talbot,  on 15 May, 1991 receiving 60 kg N/ha at
sowing.  
Fertiliser and slurry treatments are shown in Table 1.  Dates of
fertiliser application,  herbage harvesting and collection of
drainage water were as shown in Table 2.  There were 6, 5, 1




Table 2: Dates of grassed lysimeter operations, 1993-’98, (Johnstown CastleSoil, newlysown to Vigor in 1995)
lysimeters were cultivated and newly sown to the late-heading
perennial ryegrass, cultivar Vigor, in 1995.  The fertiliser and
slurry N inputs were reduced for the latter experimental years,
1995 to 1998.
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Table 1: Fertiliser and slurry treatments applied to grassed lysimeters (at dates) in 1993-1998 (Johnstown Castle Soil, newlysown to Vigor in 1995) kg N per ha appliedTreatment Fertiliser1993 1994 1995 1996 1997P1 300 300 50 200 200C1 300 300 50 200 200P2 300 300 50 200 200C2 300 300 50 200 200kg N per ha appliedCattle Slurry Pig Slurry1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8- - - - - - - 1 1 7 ( 2 5 / 1 1 ) - 5 0 ( 2 9 / 1 1 ) 5 0 ( 1 9 / 1 1 ) -1 2 6 ( 1 / 1 2 )1 1 7 ( 2 5 / 1 1 ) - 5 0 ( 2 9 / 1 1 ) 5 0 ( 1 9 / 1 1 ) - 1 2 0 ( 1 / 1 2 ) - - - - -- - - - - - - - - - - -- 1 2 6 ( 9 / 2 ) 1 1 9 ( 2 / 2 ) - 5 0 ( 1 1 / 2 ) 5 0 ( 1 2 / 2 ) - 1 2 0 ( 9 / 2 ) 1 1 9 ( 2 / 2 ) - 5 0 ( 1 1 / 2 ) 5 0 ( 1 2 / 2 )
N Applied Herbage Harvested Drainage water collected1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 82 4 / 4 4 / 4 2 3 / 4 2 / 4 1 8 / 5 4 / 1 6 / 1 2 / 1 1 0 / 2 5 / 12 6 / 4 1 9 / 5 1 1 / 6 2 2 / 5 1 8 / 5 1 9 / 4 5 / 6 2 0 / 5 2 1 / 1 3 0 / 1 5 / 1 1 / 4 1 6 / 12 / 6 2 2 / 6 1 8 / 7 2 1 / 7 2 / 6 2 0 / 6 1 5 / 7 1 7 / 7 7 / 2 1 5 / 2 1 5 / 1 1 9 / 6 1 7 / 27 / 7 7 / 7 2 9 / 7 1 1 / 9 1 1 / 9 9 / 6 2 8 / 2 1 / 3 2 6 / 1 5 / 8 1 3 / 31 2 / 8 3 / 8 1 1 / 8 2 8 / 9 1 0 / 1 1 * 2 7 / 8 5 / 7 5 / 4 1 9 / 5 1 4 / 2 1 2 / 8 1 5 / 43 / 9 2 8 / 9 2 2 / 9 3 / 9 1 6 / 1 1 2 1 / 9 2 5 / 5 2 0 / 3 8 / 9 3 0 / 62 1 / 1 0 1 1 / 1 0 2 6 / 7 2 5 / 9 1 7 / 43 0 / 1 1 9 / 1 1 1 3 / 1 1 2 9 / 5 1 1 / 1 11 5 / 1 2 2 1 / 1 1 3 0 / 1 02 6 / 1 18 / 1 2 1 5 / 1 2 2 8 / 1 11 8 / 1 21 8 / 1 2* D i s c a r d e d
Experiments with Cereals
Twelve lysimeters, which had grown barley since 1985,
continued to grow a cereal crop from 1993 to 1998.  The
treatments are shown in Table 3.
The dates of water collection were identical to those for the
grassed lysimeters apart from obtaining no collection from the N
treatments on 13 November,  1995 and an added collection from
the N1 and Fallow treatments on 30 October, 1996 and 19 June,
1997.
Results
The Unit 1 results,  presented in Tables 5, 6 and 7 are based on
the water collection dates shown in Table 2.
Volumes of water collected in each drainage season are shown in
Table 4.
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Table 3: Sowing, harvesting dates and treatments (N applied, kg/ha) forcereal crops grown in lysimeter Unit 1, 1993-1997Crop Cultivar Sowing Harvest N 1 N2 N3 FallowDate DateBarley Ashling 21/4/9320/5/93 None 0 60 60 0Barley Ashling 6/5/94 28/9/94 0 120 180 0Barley Ashling 18/5/95 6/9/95 0 120 180 025/5/95Winter Wheat Brigadier 27/10/95 13/8/96 0 150 200 0Winter Wheat Brigadier 4/10/96 28/7/97 0 150 200 0Winter Wheat Brigadier 15/10/97 21/7/98 0 100 100 0
7Table 4: Mean drainage water volume (mm) in 5 collection years, April 1993– June 1998Barley/Winter Wheat GrassN1 N2 N3 Fallow C1 C2 P1 P26/4/93 - 25/5/94 977 977 977 1014 806 869 811 81426/5/94-19/5/95 555 489 465 639 445 427 462 44320/5/95-29/5/96 696 668 660 803 728 741 746 73330/5/96-1/4/97 282 236 227 334 158 192 176 1672/4/97-30/6/98 900 883 850 1074 858 874 843 818Table 5: Effect of treatments on NO3 - N concentration in drainage waterBarley GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .9/6/93 22.2 24.0 27.2 18.5 0.3 0.3 0.3 0.3 *** 3.05/7/93 41.4 82.3 80.6 26.9 0.4 0.3 0.3 0.4 *** 5.021/9/93 23.1 31.0 47.7 24.5 - - - - *** 5.211/10/93 33.6 31.1 41.1 30.9 4.1 8.3 7.1 5.7 *** 4.430/11/93 30.0 33.9 33.1 28.5 1.4 1.3 2.2 1.6 *** 1.915/12/93 17.6 17.1 18.1 15.0 0.3 0.3 0.3 0.3 *** 0.94/1/94 11.8 9.4 10.2 9.8 0.6 0.3 0.7 0.3 *** 0.721/1/94 6.8 5.2 5.8 5.7 6.4 0.3 6.2 0.3 *** 1.57/2/94 5.9 4.2 4.5 4.0 5.0 0.3 4.7 0.3 *** 1.028/2/94 17.9 19.7 17.6 17.9 19.4 16.2 17.3 17.8 NS 1.35/4/94 4.8 4.2 4.6 3.1 0.3 0.3 0.3 0.3 *** 0.725/5/94 6.1 5.3 5.8 2.8 0.3 0.3 0.3 0.3 *** 0.4Mean 18.4 22.3 24.7 15.6 3.2 2.4 3.3 2.3R a n g e 4 . 8 - 4 1 . 4 4 . 2 - 8 2 . 3 4 . 5 - 8 0 . 6 2 . 8 - 3 0 . 9 0 . 3 - 1 9 . 4 0 . 3 - 1 6 . 2 0 . 3 - 1 7 . 3 0 . 3 - 1 7 . 8kg N/ha removed in drainage waterBarley GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .9/6/93 22.1 23.7 27.0 18.2 0.3 0.3 0.3 0.3 *** 2.95/7/93 23.3 52.6 46.0 16.7 0.2 0.2 0.2 0.2 *** 2.221/9/93 14.2 14.6 30.8 19.2 - - - - *** 4.511/10/93 31.7 29.1 38.7 29.7 2.5 6.3 4.0 3.0 *** 4.130/11/93 29.3 33.3 32.3 28.0 1.3 1.3 2.0 1.5 *** 1.915/12/93 15.3 14.8 15.6 13.0 0.3 0.3 0.3 0.3 *** 0.84/1/94 11.2 8.9 9.5 9.2 0.5 0.3 0.6 0.3 *** 0.621/1/94 5.6 4.2 4.7 4.8 5.1 0.3 5.1 0.2 *** 1.27/2/94 3.4 2.4 2.5 2.2 2.6 0.2 2.4 0.2 *** 0.528/2/94 5.5 3.9 4.5 3.3 0.3 0.3 0.3 0.3 *** 0.45/4/94 4.3 4.0 4.4 3.0 0.3 0.3 0.3 0.3 *** 0.725/5/94 3.6 3.1 3.4 1.8 0.1 0.1 0.1 0.1 *** 0.3Total 169.5 194.6 219.4 149.1 13.5 9.9 15.6 6.7
8Table 6: Effect of treatments on NO3-N concentration in drainage water andN removal, 26/7/94 to 19/5/95.Barley GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .26/7/94 0.3 0.3 0.3 5.6 0.3 0.3 0.3 0.3 *** 0.79/11/94 0.3 1.4 1.9 14.0 0.3 3.0 0.3 3.0 * 3.521/11/94 1.5 5.0 6.3 22.6 0.3 0.3 0.3 0.3 *** 2.58/12/94 2.0 10.5 12.9 21.3 0.3 0.3 0.3 0.3 *** 2.36/1/95 2.3 8.7 10.3 16.7 0.3 0.3 0.8 0.3 *** 1.530/1/95 4.2 8.5 9.1 10.5 5.4 0.3 20.7 0.5 *** 2.015/2/95 3.8 6.6 7.3 8.1 9.1 0.3 36.6 1.0 *** 3.61/3/95 1.8 3.4 3.8 5.1 3.2 0.3 8.8 1.0 ** 1.819/5/95 2.4 3.4 3.4 3.2 1.7 1.6 1.9 2.4 NS 0.8Mean 2.1 5.3 6.1 11.9 2.3 0.7 7.8 1.0Range 0.3-4.2 0.3-10.5 0.3-12.9 3.2-22.6 0.3-9.1 0.3-3.0 0.3-36.6 0.3-3.0kg N/ha removed in drainage waterBarley GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .26/7/94 0.05 0.01 0.01 3.8 0.02 0.01 0.02 0.01 *** 0.59/11/94 0.2 0.3 0.1 13.5 0.05 2.4 0.02 2.4 ** 3.221/11/94 0.9 3.1 3.7 14.7 0.2 0.2 0.2 0.2 *** 1.68/12/94 1.0 5.6 6.8 11.5 0.2 0.1 0.2 0.2 *** 1.16/1/95 1.5 5.8 6.8 11.8 0.2 0.2 0.5 0.2 *** 1.030/1/95 4.2 8.4 9.0 10.3 5.3. 0.2 20.4 0.5 *** 2.015/2/95 2.8 4.9 5.4 6.2 6.6 0.2 27.5 0.8 *** 2.71/3/95 1.1 2.0 2.2 2.9 1.9 0.2 5.3 0.6 ** 1.119/5/95 1.2 1.7 1.5 1.6 0.6 0.7 0.7 0.8 ** 0.4Total 13.0 31.8 35.5 76.3 15.1 4.2 54.8 5.7
9Table 7: Effect of treatments on N O3-N concentration in drainage water and Nremoval, 25/9/95 to 29/5/96Barley/Winter Wheat GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .25/9/95 0.3 0.5 0.3 2.6 0.3 1.0 0.9 6.3 *** 0.613/11/95 – – – 23.1 27.3 25.2 26.8 31.4 NS 4.415/12/95 6.2 20.3 33.7 53.4 96.7 72.2 103.7 106.3 *** 17.72/1/96 8.3 18.1 26.1 40.4 114.4 71.7 101.4 86.8 *** 19.95/1/96 5.6 6.4 8.2 16.2 17.7 18.2 19.1 16.1 *** 3.215/1/96 3.2 3.9 4.4 13.2 4.7 14.5 5.4 5.0 NS 5.626/1/96 1.6 2.0 2.6 9.0 1.1 10.1 1.0 1.5 NS 4.814/2/96 0.7 1.1 1.4 5.0 1.1 4.4 0.8 1.0 NS 2.020/3/96 0.3 0.3 0.3 2.8 0.3 1.6 0.3 0.3 * 0.717/4/96 0.3 0.3 0.3 3.5 0.3 0.3 0.3 0.3 *** 0.229/5/96 0.3 0.3 0.3 1.7 0.3 0.3 0.3 0.3 * 0.3Mean 2.7 5.3 7.8 15.5 24.0 20.0 23..6 23.2R a n g e 0 . 3 - 8 . 3 0 . 3 - 2 0 . 3 0 . 3 - 3 3 . 7 1 . 7 - 5 3 . 4 0 . 3 - 1 1 4 . 4 0 . 3 - 7 2 . 2 0 . 3 - 1 0 3 . 7 0 . 3 - 1 0 6 . 3kg N/ha removed in drainage waterBarley/Winter Wheat GrassN1 N2 N3 F a l l o w C1 C2 P1 P2 F Test s . e . d .25/9/95 0.06 0.08 0.04 0.8 0.05 0.3 0.2 0.6 NS 0.313/11/95 – – – 17.9 19.4 18.7 21.5 22.7 NS 4.115/12/95 5.3 14.3 23.9 47.3 69.6 53.6 77.4 78.2 *** 14.02/1/96 10.3 22.3 32.1 49.3 140.5 88.9 124.0 107.7 *** 24.85/1/96 2.8 3.3 4.3 8.5 9.5 13.4 10.3 8.8 ** 2.915/1/96 3.2 4.0 4.4 13.1 4.8 14.4 5.4 5.1 NS 5.526/1/96 1.0 1.3 1.7 5.9 0.7 6.7 0.6 1.0 NS 3.114/2/96 0.5 0.8 0.9 3.4 0.7 2.8 0.5 0.6 NS 1.320/3/96 0.2 0.2 0.2 2.0 0.2 0.9 0.2 0.2 ** 0.417/4/96 0.3 0.2 0.2 3.2 0.2 0.2 0.2 0.2 *** 0.229/5/96 1.0 0.1 0.1 0.7 0.1 0.1 0.1 0.1 ** 0.1Total 24.7 46.6 67.8 152.1 245.8 200.0 240.4 225.2
In the drainage season 1993 - '94 (Table 5)  the barley crop was
sown twice but due to poor establishment was a failure,  hence
the NO 3-N drainage water concentrations for N 1, N 2, N 3
correspond more to Fallow soil receiving N than to soil growing a
barley crop.  The mean NO3-N concentration in the Fallow
lysimeter at 15.6 mg/l was 1.38 times MAC within a range up to
30.9 mg/l NO3-N.  Differences between the concentration of NO3-
N in the Fallow lysimeters and those growing grass were
significant for all dates but one.  The generally low mean NO3-N
drainage water concentration seen in the grassed lysimeters is in
contrast to the levels seen under Fallow management.
Removal of N in the Fallow lysimeters was 149 kg/ha which was
~ an order of magnitude times the maximum amount removed
under grassed treatments.  Cattle and Pig slurry applications (in
addition to fertiliser N) in the winter resulted in a higher removal
of N in drainage water compared to spring applications.
In the following two years 1994 - '95 and 1995 - '96 (Tables 6, 7),
the barley and winter wheat  crops grew successfully and NO3-N
concentrations in the drainage water from the crop were very
comparable for the various treatments.  The statistical analysis
showed that 15 of the 20 F tests carried out were significant.
The mean NO3-N concentrations over the 2 years for N1, N2, N3
and Fallow were 2.4, 5.3, 7.0, 13.7 mg/l,  respectively, indicating
that soils in continuous cereal,  as this soil was since 1985,
could receive the nationally recommended fertiliser N without
breaching MAC on a permanent basis.  Of 19 sampling dates in
the two years there were only two where the NO3-N drainage
water concentration was >MAC for the N2 treatment  The higher
removal of N in 1995 - '96 reflected the fertiliser N applied to the
wheat in March - April, 1996 and  higher volumes of drainage
water in that year (Table 4).
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The results from the grassed lysimeters were quite different in
both years (Tables 6 & 7).  Cultivations  to replace the Talbot
cultivar with Vigor commenced on 26 June, 1995 continuing
intermittently until sowing on 21 September, 1995.  This
procedure probably increased the rate of organic N
mineralisation resulting in the much higher NO 3- N
concentrations in the soil drainage water in 1995 - '96 (Table 7)
compared to 1994 - '95 (Table 6).  This was a dramatic result
illustrating the influence of a relatively short cultivation/fallow
period on N release to drainage water from the soil in a drainage
year when a total of only 50 kg/ha fertiliser N was applied.  From
200 to 245 kg N/ha were removed in the drainage water from
this low application rate and this was, presumably,  reflecting the
influence of N release from organic N of  N treatments applied
over the previous 3 years plus low N removal in harvested
herbage.  It was a reversal of the normal trend where one
expected to record significantly more N leached from barley than
from grass.
The application of cattle (C1) and pig slurry (P1) in November had
a much more deleterious effect on water quality than application
of these slurries in February.  In 1994 - '95, mean  NO3- N
concentrations (mg/l) in drainage water were 2.3 and 7.8 for C1,
P1 compared with 0.7 and 1.0 for C2, P2; N removed (kg/ha) was
15.1 and 54.8 for C1, P1 and only 4.2, 5.7 for C2, P2 (Table 6).  N
removed (kg/ha)  was 13.5 and 15.6 for C1, P1 and 9.9, 6.7 for
C2, P2 in 1993 - '94 at low mean NO3-N concentrations in the
drainage water (Table 5).  The same effect  of winter slurry
application was discernible in 1995 - '96 (Table 7) at higher levels
of NO3-N concentration for C1 versus C2.   N removals in drainage
water in that year were very high and the C1, P1 removals were
greater than those from C2, P2 as before. 
Tables 8 and 9 show the effect of treatments on NO 3- N
concentration in drainage water and removal of N in the water for
the years 1996 - '97 and 1997 - '98.  In these years the grass
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crop once again received a high fertiliser N  (200 kg/ha) input
plus slurry at ~ 40% of the previous input.  This followed the low
input of  the transitional year, 1995.  The winter wheat in the
final year had two N treatments,  0 and 100 kg/ha.
Table 8 shows the usual peak NO 3-N concentration in the
drainage water of the cereal crop in November - December
following the expected pattern of increasing levels from N1 to N3
to Fallow.  The overall mean concentrations for N1, N2, N3 were
satisfactory in the range 3.0 - 6.1 mg/l.  The Fallow treatment
gave a mean NO3-N concentration of 16.4 mg/l which was similar
to that seen in two previous years.  Very low NO 3- N
concentrations were recorded in the drainage water collected
from the grassed lysimeters in 1996 - '97.  These were the lowest
recorded and low concentrations were repeated in 1997 - '98,
reflecting the reduced N inputs.
In 1997 - '98,  the mean NO3-N concentrations recorded in the
winter wheat drainage water were higher for N1 and N2 and lower
for N3,  Fallow compared to 1996 - '97.  While the mean values
for the drainage year 19/6/97 to 30/6/98 were low,  the peak
values at 31.3,  17.5, 21.9 mg/l for N1, N2, N3, which occurred in
November-December,  were higher than the peak value for the
Fallow treatment.  This was unusual and reflected a trend for the
Fallow NO3-N concentration to decrease over time,  the mean
value,  9.0 mg/l NO3-N,  being the lowest recorded in the five
years.
The N removed in the drainage water of the winter wheat crop
was much greater in 1997 - '98 compared to 1996 - '97,
primarily reflecting the much greater drainage water volumes
recorded in 1997 - '98.  Because the NO3-N concentrations in the
drainage water from the grassed lysimeters were so low, amounts
of N removed in the water were also low.
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Conclusions
The adverse effect of a Fallow treatment or a poorly established
barley crop on NO3-N concentrations in soil drainage water are
clear.  Fallow drainage water had mean NO3-N values (mg/l) of
15.6, 11.9, 15.5 over the three years of the experiment with a
range up to 53.4 mg/l NO3-N in one sample (Table 7).  Barley
receiving 120 (N2) and 180 (N3) kg N/ha gave satisfactory mean
N O3-N drainage water concentrations of 5.3, 5.3 and 6.1, 7.8
mg/l in the 2 experimental years (Tables 6, 7).  Peak
concentrations reached 10.5, 20.3 for N2 and 12.9, 33.7 mg/l
N O3-N for N3 in December - January of those years.  These
results relate to a soil depleted in organic N due to being in
13
Table 8: Effect of treatments on NO3-N concentration in drainage water andN removal, 30/5/96 to 1/4/97Winter Wheat GrassN1 N2 N3 Fallow C1 C2 P1 P230/10/96 3.5 – – 14.6 – – – –28/11/96 7.9 8.7 16.3 22.7 0.3 0.3 0.3 0.318/12/96 3.0 3.5 7.2 19.2 0.3 0.3 0.3 0.310/2/97 0.3 0.3 0.4 15.2 0.3 0.3 0.3 0.31/4/97 0.3 0.3 0.3 10.2 0.3 0.3 0.3 0.3Mean 3.0 3.2 6.1 16.4 0.3 0.3 0.3 0.3Range 0.3-7.9 0.3-8.7 0.3-16.3 10.2-22.7 – – – –
Winter Wheat Grasskg N/ha removed in drainage waterN1 N2 N3 Fallow C1 C2 P1 P230/10/96 1.9 – – 14.1 – – – –28/11/96 6.7 8.4 14.5 19.9 0.2 0.2 0.2 0.218/12/96 1.6 1.9 3.6 10.8 0.1 0.2 0.1 0.110/2/97 0.1 0.1 0.2 6.0 0.1 0.1 0.1 0.11/4/97 0.2 0.1 0.1 5.5 0.1 0.1 0.1 0.1Total 10.5 10.5 18.4 56.3 0.5 0.6 0.5 0.5
continuous barley since 1985 - the early years of which gave
mean NO3-N concentrations in drainage water which were much
higher and > MAC.
Grassed lysimeters receiving fertiliser N at high levels,  in
addition to slurry applied in November - December and February,
showed N removals,  in the one year where comparisons were
valid,  that were, on average,  0.6 times the removals seen in N-
treated barley (mean N2 + N3, Table 6).  Generally,  spring -
applied slurry had a more benign effect on NO3-N concentrations
in soil drainage water than winter applications (in addition to
growing-season fertiliser N).
The significant effects showing in the latter two years of the
experiment were the very low NO3-N concentrations in the
drainage water from the grassed lysimeters.  Mean values were
lower than for the previous three experimental years and they
show that the reduced fertiliser N (200 kg/ha) and slurry N 
(50 kg/ha) inputs used were sustainable on this N depleted soil.
The winter wheat crop gave rise to temporary excessive NO3- N
concentrations in the drainage water but mean values for both
years were very satisfactory.  The Fallow treatment gave drainage
water NO3-N concentrations >MAC for 4 - 5 months in those two
years but showed a mean concentration <MAC for the first time
after 14 years of cultivation.
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Table 9: Effect of treatments on NO3-N concentration in drainage water andN removal, 2/4/97 to 30/6/98Winter Wheat GrassN1 N2 N3 Fallow C1 C2 P1 P219/6/97 0.3 – – 10.5 – – – –5/8/97 0.4 0.3 0.3 13.4 0.3 0.3 0.3 0.312/8/97 0.5 0.3 0.3 12.4 0.3 0.3 0.3 0.38/9/97 0.3 0.3 0.3 11.3 0.3 0.3 0.3 0.311/11/97 4.1 1.7 1.2 11.2 0.3 0.4 0.3 0.326/11/97 31.3 17.5 21.9 14.6 0.3 0.3 0.3 0.318/12/97 26.6 12.0 14.1 12.2 0.3 0.3 0.3 0.35/1/98 9.0 4.9 5.8 8.6 0.3 0.3 0.3 0.316/1/98 3.7 3.0 2.8 4.5 0.3 0.3 0.4 0.317/2/98 1.8 2.6 2.3 4.7 0.3 0.3 0.5 0.313/3/98 0.3 1.3 1.4 4.6 0.3 0.3 0.3 0.315/4/98 0.3 0.3 0.5 4.3 0.3 0.3 0.3 0.330/6/98 0.3 0.3 0.3 4.2 0.3 0.3 0.3 0.3Mean 6.6 5.0 4.3 9.0 0.3 0.3 0.3 0.3Range 0.3-31.3 0.3-17.5 0.3-21.9 4.2-14.6 – 0.3-0.4 0.3-0.5 –
Winter Wheat Grasskg N/ha removed in drainage waterN1 N2 N3 Fallow C1 C2 P1 P219/6/97 0.2 – – 10.1 – – – –5/8/97 0.4 0.3 0.3 13.0 0.2 0.2 0.2 0.212/8/97 0.3 0.2 0.2 9.0 0.2 0.2 0.2 0.28/9/97 0.2 0.3 0.3 10.0 0.2 0.2 0.2 0.211/11/97 2.9 1.5 1.0 10.2 0.2 0.3 0.2 0.226/11/97 31.7 17.8 21.6 14.6 0.3 0.3 0.3 0.318/12/97 15.9 7.3 8.4 7.8 0.2 0.2 0.2 0.25/1/98 9.2 5.0 5.8 8.6 0.3 0.3 0.3 0.316/1/98 3.4 2.8 2.6 4.3 0.3 0.3 0.4 0.317/2/98 0.7 0.9 0.8 2.0 0.1 0.1 0.2 0.113/3/98 0.2 0.8 0.9 2.6 0.2 0.2 0.2 0.215/4/98 0.2 0.2 0.3 3.1 0.2 0.2 0.2 0.230/6/98 0.1 0.1 0.1 4.2 0.2 0.2 0.2 0.2Total 65.4 37.2 42.3 99.5 2.6 2.7 2.8 2.9
Experiments with Grass, 1993 - '95
Each soil  was sown to a mid-season perennial ryegrass,  cultivar
Talbot and there were three treatments which were basal N
fertiliser plus slurry with three replications each.  Treatments are
16
UNIT 2
Table 10: Fertiliser plus slurry treatments applied to lysimeters (at dates) in1993, 1994, 1995.
Treatment Fertiliser Cattle Slurry Pig Slurrykg N per ha applied1993 1994 1993 1994 1993 1994 1995C1 300 300 128(1/12) 118(25/11) – – –P1 300 300 – – 122(1/12) 117(25/11) –P2 300 300 – – – 122(8/2) 117(2/2)
Table 11: Dates of lysimeter operations 1993-’95.N applied Herbage harvested Drainage water collected1993 1994 1993 1994 1993 1994 1994 19959/2 14/4 18/5 7/4 4/1 25/7 5/127/4 20/5 25/5 20/6 9/6 20/1 16/11 30/12/6 23/6 6/7 29/7 5/7 7/2 9/12 15/28/7 3/8 11/8 29/9 11/10 28/2 7/312/8 30/9 6/9 16/11 30/11 5/4 19/56/9 21/10 13/12 25/5
Dates of fertiliser application, harvesting and water collection areshown in Table 11.
shown in Table 10.
Results
The results (Table 12) are examined for Year 1 and Year 2, based
on the drainage water collection times indicated in Table 11.
The square root transformation of the data was used for tests of
significance,  therefore the MAC is 3.36 mg/l with the Guide
Level equal to 2.38 mg/l  in the transformed data .
NO3-N Concentration in Drainage Water
The effect of soil on NO3-N concentration in the drainage water
for the twelve collection dates of Year 1 are shown in Table 13.
Soil effects were significant on ten dates.
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Table 12: Mean drainage water (mm) collected April 1993-May 1995. Year 1(7/4/93 to 25/5/94); Year 2 (26/5/94 to 19/5/95)C1 P 1 P 2 Meankg N per ha appliedSoil Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2Castlecomer 880 429 906 469 892 458 893 452Clonroche 967 492 989 520 1018 532 991 515Elton 841 435 897 432 918 463 885 443Oakpark 1021 545 978 519 954 512 984 525Rathangan 869 424 881 441 876 437 875 434Mean 916 465 930 476 932 480 926 474
Table 13: Effect of soil on NO3-N concentration in drainage water, 7/4/93 to25/5/94 (Year 1); means pooled over treatments.Soil 7/4 9/6 5/7 11/10 30/11 13/12 4/1 20/1 7/2 28/2 5/4 25/5Castlecomer 0.55 0.55 0.55 1.40 1.17 1.80 1.92 1.80 1.54 1.44 0.79 0.55Clonroche 0.62 0.55 0.55 1.45 3.03 3.18 2.99 3.10 3.53 3.54 2.58 2.17Elton 0.57 0.83 0.55 2.19 2.88 3.37 3.38 3.63 3.70 3.87 2.73 1.06Oakpark 0.99 0.62 0.55 4.20 2.85 1.87 2.03 3.02 2.85 1.78 1.14 0.67Rathangan 0.57 0.55 0.55 3.09 2.95 3.58 3.64 3.81 3.79 3.52 2.63 1.24F test *** NS NS *** ** * * ** *** *** *** ***s.e.d. 0.08 0.15 0.00 0.60 0.52 0.67 0.71 0.49 0.45 0.47 0.51 0.38
Concentrations remained low for the first three collections and
then showed the expected increase from October onwards as
grass growth declined and the drainage season progressed.  The
effects showing on October 11 and November 30 were due to N
fertiliser alone as the first slurry applications did not take place
until December 1.
Drainage water from the Castlecomer soil was lowest in NO3- N
concentration on all sampling dates.  Drainage water from the
other four soils showed highest concentrations,  which were
shared by from two to four soils on various dates.  Rathangan
soil drainage water was at the highest NO3-N concentration
among soils most often.  Apart from Oakpark,  peak
concentrations were seen in the January samples.
Table 14 shows Year 2 results.  Soil significantly affected NO3-N
concentrations in drainage water on all  dates but one.
Concentrations to January 5 were generally lower than in Year 1
but were higher than Year 1,  where comparable,  at the latter
collection dates.  As in Year 1,  Castlecomer drainage water had
lowest or equal lowest NO3-N concentration at all collection
dates.  Different to Year 1,  however was the fact that from July
to late January there was no difference between Castlecomer
drainage water and water from two or three other soils in NO3-N
concentration.  Oakpark drainage water was at the highest NO3-
N concentration among soils most often.  Apart from Oakpark,
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Table 14: Effect of soil on NO3-N concentration in drainage water, 26/5/94 to19/5/95 (Year 2); means pooled over treatments. Soil 25/7 17/11 9/12 5/1 30/1 15/2 7/3 19/5Castlecomer 0.55 0.57 1.36 1.46 1.66 2.08 1.82 1.61Clonroche 2.06 2.11 1.56 1.66 2.44 4.20 4.23 3.62Elton 1.27 0.87 1.16 1.37 2.26 3.83 4.25 3.56Oakpark 1.06 2.58 2.82 2.42 5.00 4.40 2.80 3.23Rathangan 0.62 0.57 0.78 1.79 3.18 3.44 3.31 2.87F test * ** ** NS *** * *** ***s.e.d. 0.49 0.58 0.53 0.49 0.61 0.68 0.59 0.47
peak concentrations were observed in February-March samples.
The soil by treatment interaction effects on NO3-N concentrations
are shown in Figure 1.  (see Ryan and Fanning 1996 for relevant
statistical analysis)
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Figure1: NO3-N concentration (√) in soil drainage waters, 1993-1995
Table 15 shows the main effect of treatment  on N removal in
drainage water and herbage.
Of the total N applied in Year 1, 19, 15 and 12% were the
equivalent removals in the drainage water for the C1, P1, P2
treatments;  the equivalent removals in Year 2 were 9, 18 and
7%.  The higher drainage volume in Year 1 compared to Year 2
would be expected to give these results.  Very high
concentrations of NO3-N in the January-February drainage water
from the Oakpark soil contributed significantly to the exalted
(18%) removal in the drainage water for the P1 treatment in Year
2.
Analysis carried out on April 19,  1995 showed absence of
perennial ryegrass from two Oakpark P1 lysimeters with only
sparse vegetation present.  Such senescence would have meant
poor uptake of N in the latter part of Year 2 leading to the very
high NO3-N concentrations recorded.
Table 16  shows the main effect of soil on N removal in drainage
water and herbage. 
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Table 15: Effect of treatment (kg N/ha) on N removal (kg/ha) in drainagewater and herbage.Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2C1 (428) (418) P1 (422) (417) P2 (422) (417) F test s.e.d.Drainage 80.9 39.0 62.0 76.4 52.7 27.7 NS *** 16.1 10.9Herbage 335.8 278.5 319.9 282.0 343.5 294.7 NS NS 22.0 12.8Total 416.7 317.5 381.9 358.4 396.2 322.4 NS NS 20.1 17.8
Table 16: Effect of soil on total N removal (kg/ha) in drainage water andherbage.Mean N input 424 kg/ha (Yr 1), 417 kg/ha (Yr 2)Soil Castlecomer Clonroche Elton Oakpark Rathangan F test s.e.d.Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2 Yr 1 Yr 2Drainage 20.0 17.3 76.7 57.4 87.2 43.6 58.2 81.3 84.0 38.8 ** ** 20.8 14.1Herbage 361.1 278.8 232.4 237.1 368.2 339.9 257.1 223.6 446.5 345.8 *** *** 28.3 16.5Total 381.1 296.1 309.1 294.5 455.4 383.5 315.3 304.9 530.5 384.6 *** *** 26.0 22.9
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Of the mean total N applied in Year 1 (424 kg/ha),  the removals
in the drainage water of the Castlecomer,  Clonroche, Elton,
Oakpark and Rathangan soils were 5, 18, 21, 14 and 20% in
Year 1;  they were 4, 14, 10, 19 and 9% in Year 2.  In Year 1
there was a 4.4 fold difference between soils in the amount of N
removed in drainage water;  there was a 4.7 fold difference in
Year 2.  The difference factor between soils for herbage N
removed was much lower at 1.9 and 1.5 for Years 1, 2,
respectively.
Apart from Oakpark,  N removal in drainage water was greater in
Year 1 than in Year 2.  Total removals in Year 1 were greater
than in Year 2 for all soils;  these were equivalent to 90,  73, 107,
74, 125% and 71, 71, 92, 73, 92% of the N applied in Years 1, 2
for Castlecomer, Clonroche, Elton, Oakpark and Rathangan
soils.
Conclusions
The highest NO3-N concentrations were associated on all soils
with fertiliser plus end-of year applications of slurry (C1, P1) ;
spring slurry application plus fertiliser (P2) was generally more
benign.  This result illustrates the risk to groundwater,
assuming minimal denitrification below 100 cm,  from C1, P1
treatments on all but the heaviest,  poorly drained soils.  It also
confirms recommendations in the 1996 'Code of Good
Agricultural Practice to Protect Waters from Pollution by Nitrates'
which states that "slurry should normally be recycled to land for
first or second cut silage and remaining slurry should be applied
following removal of the second cut.  This means that slurry
applications should generally commence as early as
February/March,  provided ground and weather conditions are
suitable".
The effect of  soi l  type was most striking in that NO 3- N
concentrations in the drainage water from the Castlecomer soil
were very low relative to the other soils,  presumably due to
denitrification and related to the high silt plus clay content.  In a
regional context,  it is probable that isolated instances of water
breaching MAC as a result of treatments such as applied in this
experiment would be mitigated by overall catchment dilution
without causing many health hazards.  It is likely however,  that
continuous,  numerous such instances concentrated in small
catchments or local areas on susceptible soils would create risks
of drinking water pollution wherever supplies were drawn from
private or public boreholes.  
From this aspect,  the results indicate the undesirability of
combining winter application particularly of pig slurry to
vulnerable soils with fertiliser N unless lower amounts than used
in this experiment were employed.    In this regard a second
experiment was carried out in the period 1995 - 1998 which
examined the effect of lower N inputs on leaching.
Experiments with Grass, 1995 - '98
The grass was eliminated,  using the herbicide glyphosphate,  in
May after which the soil was cultivated in June and resown to
the late-season perennial ryegrass cultivar,  Vigor on September
21,  1995.  At sowing,  50 kg/ha fertiliser N were applied to each
lysimeter.  Treatments in the second experiment followed the
pattern of the first i.e., the same randomisations were used and
lysimeters that received pig slurry in the first experiment received
it again in the second experiment.
The first fertiliser N of the first year (1996 - '97) of the new
experiment was applied (100 kg/ha) on April 23,  1996;  two
subsequent applications brought the total for the year to 200
kg/ha.  In 1996, herbage was harvested four times and slurry,
to supply 51 kg N/ha, was applied to the C1 and P1 treatments
on November 29, 1996.  The P2 slurry N (51 kg/ha) was applied
on February 11,  1997.
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The same amount of fertiliser N was applied in 1997,  there were
5 herbage harvests and the same amounts of slurry were applied
on slightly different dates in 1997 and 1998.
The treatments are shown in Table 17.
Dates of fertiliser application,  slurry application,  herbage
harvesting and water collection are shown in Table 18.  The
volumes of drainage water collected for each treatment and soil
are shown in Table 19.
Results
The results (Table 19) are examined for Year 3,  Year 4 and Year
5, based on the drainage water collection times indicated in
Table 18.
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Table 17: Fertiliser plus slurry treatments applied to lysimeters (at dates) in1995, 1996, 1997, 1998.
Treatment Fertiliser Cattle Slurry Pig Slurrykg N per ha applied1995 1996 1997 1996 1997 1996 1997 1998C1 50 200 200 51(29/11) 51(19/11) - - -P1 50 200 200 - - 51(29/11) 51(19/11) -P2 50 200 200 - - - 51(11/2) 51(12/2)
Table 18: Dates of lysimeter operations 1995 - ’98N Applied Herbage Harvested Drainage Water collected1995 1996 1997 1996 1997 1998 1995 1996 1996 1997 1997 199821/9 25/4 4/4 23/4 2/4 15/5 27/9 2/1 10/2 5/8 5/111/6 22/5 4/6 20/5 26/10 5/1 28/11 1/4 12/8 16/118/7 21/7 15/7 16/7 24/11 15/1 18/12 8/9 16/210/9 10/9 14/12 26/1 11/11 13/310/11 14/2 26/11 15/420/3 18/1217/429/5
Elevated NO3-N concentrations seen in soil drainage water in
1995 - '96 (Table 20) reflect N mineralisation occurring due to
the cultivation and Fallow period imposed on those soils during
1995 when they were re-sown to cultivar Vigor.  This occurred
despite the reduced fertiliser N input (200 kg/ha) and reduced
slurry N input (51 kg/ha).
By years 4 and 5  (Tables 21, 22), NO3-N concentrations had
reduced to very low and satisfactory levels.
Removal of N in the drainage water (Table 23) reflected these
results  with an enormous contrast in the removals recorded in
Year 3 versus Years 4, 5.  Among soils,  as expected, lowest N
removal  for all treatments was recorded in Castlecomer soil
drainage water and highest removals were seen in Oakpark soil
drainage water.
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Table 19: Mean drainage water (mm) collected April 1995 - May 1998 Year 3 (20/5/95 to 29/5/96); Year 4  (30/5/96 to 1/4/97) ; Year 5 (2/4/97 to 15/4/98)C1 P1 P2 MeanSoil Year Year Year Year Year Year year Year Year Year Year Year3 4 5 3 4 5 3 4 5 3 4 5C a s t l e c o m e r 745 118 743 787 155 745 772 144 741 768 139 743Clonroche 833 208 868 824 198 837 829 223 873 829 210 859Elton 790 165 767 803 155 793 800 190 787 798 170 782Oakpark 855 227 874 822 218 837 831 203 884 836 216 865Rathangan 774 141 744 770 143 732 778 139 737 774 141 738Mean 799 172 799 801 174 789 802 160 804 801 175 797
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Table 20: Effect of soil on NO3-N concentration in drainage water, 20/5/95 to29/5/96 (Year 3); means pooled over treatments.
S o i l 2 7 / 9 2 6 / 1 0 2 4 / 1 1 1 4 / 1 2 2 / 1 5 / 1 1 5 / 1 2 6 / 1 1 4 / 2 2 0 / 3 1 7 / 4 2 9 / 5 M e a nC a s t l e c o m e r 5 . 0 5 2 . 9 4 8 . 9 4 0 . 4 2 6 . 0 1 5 . 5 2 0 . 3 2 2 . 2 1 8 . 9 1 3 . 5 9 . 6 3 . 3 2 3 . 0C l o n r o c h e 5 . 4 1 1 . 1 2 3 . 8 5 7 . 9 1 0 1 . 2 5 3 . 5 1 7 . 0 6 . 3 2 . 5 1 . 7 1 . 4 0 . 5 2 3 . 5E l t o n 5 . 0 8 . 0 2 1 . 8 5 3 . 9 1 2 9 . 2 1 1 9 . 7 6 0 . 5 1 7 . 4 6 . 9 4 . 2 2 . 8 0 . 5 3 5 . 8O a k p a r k 1 0 . 6 5 0 . 2 1 2 7 . 8 1 5 8 . 6 6 6 . 1 4 . 9 1 . 2 1 . 1 0 . 6 0 . 9 0 . 4 0 . 3 3 5 . 2R a t h a n g a n 3 . 1 2 9 . 3 6 2 . 1 5 9 . 3 4 7 . 0 2 9 . 5 3 6 . 9 4 0 . 7 3 7 . 5 3 0 . 9 2 2 . 8 1 3 . 1 3 4 . 4
Table 22: Effect of soil on NO3-N  concentration in drainage water, 3/4/97 to15/4/98 (Year 5); means pooled over treatments.NO3-N(mg/1)S o i l 5 / 8 1 2 / 8 8 / 9 1 1 / 1 1 2 6 / 1 1 1 8 / 1 2 5 / 1 1 6 / 1 1 6 / 2 1 3 / 3 1 5 / 4 M e a nC a s t l e c o m e r 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 5 0 . 3 0 . 3 0 . 4 0 . 3 0 . 3C l o n r o c h e 0 . 5 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 4 1 . 3 3 . 6 3 . 4 1 . 8 1 . 1E l t o n 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 8 2 . 6 4 . 7 3 . 3 1 . 0 1 . 3O a k p a r k 1 . 1 0 . 9 0 . 3 0 . 3 0 . 3 0 . 3 0 . 5 0 . 9 0 . 6 0 . 4 0 . 2 0 . 5R a t h a n g a n 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 8 1 . 2 1 . 6 0 . 9 0 . 5 0 . 6
Table 21: Effect of soil on NO3-N concentration in drainage water, 30/5/96 to2/4/97 (Year 4); means pooled over treatments.
S o i l 2 8 / 1 1 1 8 / 1 2 1 0 / 2 1 / 4 M e a nC a s t l e c o m e r 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3C l o n r o c h e 1 . 0 0 . 3 0 . 4 0 . 3 0 . 5E l t o n 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3O a k p a r k 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3R a t h a n g a n 0 . 4 0 . 3 0 . 3 0 . 3 0 . 3
Conclusions
Cultivation and short-term Fallow (June-September) of the
lysimeters, despite  a low input of fertiliser N, resulted in a flush
of N mineralisation and leaching which raised NO3-N drainage
water concentrations to very high levels over many months.
Immediate sowing after cultivation is necessary to minimise this.
The results for Years 4, 5 show that lower N inputs than were
used in the first experiment, 300 kg N/ha as fertiliser and 120 kg
N/ha as slurry, can be environmentally sustainable on these
soils.
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Table 23: Effect of soil and treatment on N removal (kg/ha) in drainagewater, Years 3, 4, 5.Year 3 Year 4 Year 5S o i l C1 P1 P2 C1 P1 P2 C1 P1 P2C a s t l e c o m e r 1 8 4 . 3 1 4 8 . 0 2 0 0 . 3 0 . 4 0 . 5 0 . 4 2 . 7 2 . 4 2 . 4C l o n r o c h e 2 1 9 . 3 2 2 0 . 9 2 7 5 . 1 2 . 0 0 . 6 0 . 7 6 . 7 1 6 . 0 2 . 6E l t o n 3 4 3 . 7 3 8 0 . 5 3 8 1 . 2 0 . 5 0 . 5 0 . 6 7 . 2 1 6 . 3 3 . 1O a k p a r k 8 5 5 . 0 8 2 1 . 5 8 3 1 . 2 0 . 2 0 . 1 0 . 1 4 . 9 5 . 4 4 . 1R a t h a n g a n 3 1 3 . 9 2 7 0 . 0 2 9 7 . 6 0 . 4 0 . 4 0 . 5 3 . 3 3 . 5 6 . 5
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